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North American Nanohertz 
Observatory for GWs

Our mission is to detect nHz frequency gravitational waves from super-massive black hole binaries.
We are over 100 students and scientists and welcome new collaborators and members.

http://nanograv.org/

http://nanograv.org/


Ransom et al. 2019, Astro2020 Whitepaper



But not just NANOGrav...

Parkes Pulsar
Timing Array

European Pulsar
Timing Array



GWs from super-massive
black hole binaries...

...detected by timing an array
of radio millisecond pulsars.

Nicolle Rager Fuller



The Gravitational Wave Spectrum

S. Taylor, C. Mingarelli, adapted from
gwplotter.org (Moore, Cole, Berry 2014)



Both Arecibo and the GBT are Crucial
Each telescope provides ~50% of our GW sensitivity

– Arecibo has 4-5x sensitivity
– GBT has 3x sky coverage



Loss of Arecibo

Ricardo Arduengo, AFP via Getty Images

● Aug:  Support cable failure damaged dish
● Dec:  Catastrophic collapse

● Devastating loss for NANOGrav, science, and Puerto Rico



Arecibo’s Pulsar Legacy
1968 Crab spin period (Lovelace et al)

1970 pulsar nulling (Backer)

1974 1st binary pulsar (Hulse & Taylor)

1982 1st millisecond pulsar (Backer et al)

1989 indirect GWs from B1913+16 (Taylor & Weisberg)

1990 1st eclipsing MSP (aka black-widow; Fruchter et al)

1992 pulsar planets (1st exoplanets!; Wolszczan & Frail)

1994 microsec long-term timing (Kaspi, Ryba, & Taylor)

2008 an MSP in an eccentric orbit (Champion et al)

2014 1st non-Parkes FRB (Spitler et al)

2016 1st FRB repeater (Spitler et al)

2018 SEP test with triple system (Archibald et al)

… and much much more (plus non-pulsar science!)



Slide by David Nice



The NANOGrav
Data Releases

Pulsars Fig by David Nice
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NANOGrav 11 Year GW Bkgd Results

Arzoumanian et al., 2018, ApJ, 859, 47

Problems with the JPL
Solar System Ephemerides



Hazboun, Romano, & Smith, 2019, PhRvD



12.5 Year Bkgd Results
Seeing significant low-freq noise in the data….

Figures courtesy Joe Simon;
Arzoumanian et al. 2020, ApJL, arXiv:2009.04496 Expected spectral index for a GWB from in-

spiraling SMBHBs ( =13/3)𝞬



12.5 Year Bkgd Results
Strong evidence for uncorrelated common red noise process…

(Bayes factors of ~30,000:1 in favor for fixed SS Ephem)

Figures courtesy Joe Simon;
Arzoumanian et al. 2020, ApJL, arXiv:2009.04496



12.5 Year Bkgd Results
No good evidence of the required spatial correlations yet…

But the data are improving rapidly,
and there are ~2+ more years of data in the bank!

Figures courtesy Joe Simon;
Arzoumanian et al. 2020, ApJL, arXiv:2009.04496





Predictions for Future

Slice of data set in years

S/N = 3

S/N = 7

S/N = 1

Fig courtesy of Nihan Pol (arXiv:2010.11950)



The NANOGrav
Data Releases

Pulsars Fig by David Nice
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The NANOGrav
Data Releases
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Predictions for Future
Predictions for

future MSPs, using 
AO, GBT, and 

DSA-2000 
telescopes

~200 MSPs 
timeable at ~1µs 

Fig courtesy of
Tyler Coher and
Paul Demorest



Predictions for Future

Individual
SMBHB
Sources

Fig courtesy of Andrew Kaiser

Should detect one or more individual
SMBHBs by the end of the decade



Wideband Receiver for GBT
● Need multi-frequencies for ISM removal

– Current systems have <800 MHz BW
– Ultra-wideband system would give 2x 

better timing, fewer systematics, and 
more protection from scintillation

● Building a 0.7-4 GHz receiver for GBT, 
funded by Moore Foundation

Pennucci et al. 2014, ApJ, 790, 93

ASP / 
GASP

GUPPI /
PUPPI

Hobbs et al. 2019,
PASA, in press



Summary
● NANOGrav is doing great and we are optimistic
● Arecibo loss is terrible.  Will slow, not stop progress.

– In long term, we need a replacement (e.g. DSA-2000)
● We have 15+ years of data in hand
● Our work with IPTA will make things even better
● Data are intriguing and we expect a detection within the 

next couple years
● In the meantime, tons of other science (e.g. Cromartie et 

al. 2019 massive NS)
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